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SUMkAEY ;.. 



An investigation has been made to determine the 
motions of and the flight paths descrihed hy ' a Uavy dive- 
bomhing airplane in simulated diving attacks. The data 
necessary to evaluate these items, with the 'except ion of 
the atmospheric \7ind data, were obtained from automatic 
recording ii^struments installed entirely %vithin the air- 
plane. The atmospheric wind data vers obtained from the 
ground by the balloon-theodolite method. 

The results of typical dives at various'^ dive angles 
are presented in the form of time histories, of the motion 
of the airplane as well as flight paths calculated with 
respect to still air and- with respect to the ground. 

INTEODUCTION 



Escords have been ob-tainod for a number of simulated 
diving- attacks made with a Douglas SED-1 a^lrplane. In- 
struments necessary to jjpcqrd flight-path data were in- 
stalled in the airplane -and tests, were made at Langloy 
Field, Va. Flight tests consisting of a total of 18 dives 
were made on October 19.,. 1942 and October 20, 1942. The 
tests were made by two pilots from the Dahl'gren Naval 
Proving Ground each of -whom made nine dives covering dive 
angles ranging from apprp::imately 45° to 75°, The two 
Navy pilots are designated pilot. A and pilot' B throiighout 
the paper. Data . recorded . dur 1 the test dives have been 
evaluated by NACA person.uel ,. .and. data' from' Six typical 
dives are presented herein. "' 
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IHSTEUiviEHTATION AUP TEST PROCEDURE 

Data- were recorded in flight fcy the following HAGA 
instruments, which were synchronized by a timer: 

1. Airspeed recorder 

2. Three-component accelerometer 

3. Recording altimeter (including sensitive dif- 

ferential static-pressure recorder) 

4. Rolling-velocity recorder 

5. Pendulum inclinometer in pitch 

6. Gryo inclinometer in pitch 

.7.. 35-miliimeter Eyemo horizon camera 

8. 16-millimeter Cine-Eodak Special horizon camera 

The airspeed recorder was connected t o an NACA free- 
swiveliiig static head mounted at the end of a hoom extend- 
ing a chord length ahead of the right wing near its tip 
and to an NACA tot'al-head meter located 3 feet "behind and 
4-g- inches helow the static head. Lines used to transmit 
pressures from the heads to the recorder were halanced for 
lag in order that no error would he incurred in recorded 
airspeed "because of rapid changes in altitude. Ho meas- 
urements were made' of the time lag in recording airspeed 
hecause-of changes in speed, hut the time lag was calcu- 
lated to he only about 0.1 second hy the method presented 
in reference 1 and was therefore neglected. 

The recording altimeter was opened to cockpit pres- 
sure In order to reduce lag and the records of the altim- 
eter were corrected for the difference between cockpit 
pressure and airspeed static pressure as measured by a 
sensitive pressure recorder. Lines transmitting pressures 
to the pressure recorder were also balanced and the slight 
lag error calculated for the recording altitude system 
was likewise neglected. 

The pendulum inclinometer was used to determine ref- 
rence angles between the thrust axis and the horizontal 
for correlation with gyr o- incl inometer and horizon-camera 
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data. For tliis purpose, sliort simultaneous records were 
taken on all instruments in straight level flight imme- 
diately "before the dives wer e. ent-ered f or most or all 
divcs iaade in. each flight... 

The 3 5-millimeter-.Eyomo camera and its electric 
driving motor were ' enclosod ,in. a dummy 'bomh . attached . 
to the ' homh rack .under the right lizing. --The 1 6-millimet er 
■ Cin-d-Eodak Sp ec ial, spring-dPi'ive.n caiiiera was mounted 
iihside the fuselage hehi-nd. the . r.ear cockpit. Both cam- 
'era-g were lined up With, the Y. axis of the airplane and 
•set to photograph the horizon to the right of the a'ir-, 
"plane thYough.out the dives,- Ordinary panchromatic film 
was used in conjunction wi^h a 4X red filter for pene- 
trating h«.ze. 

In addition to the recording i.nstruments listed, 

an el ectri cal resi stance- typ c- thermometer was installed 
with its indicating dial on the pilot's instrument panel. 
Temperatures read hy the pilot at each 1000-foot level 
•during the initial climh for each flight were corrected 
for compressihility in : order to obt.'^in free-air tempera- 
ture patterns used in correcting indicated to true air- 
speed. 

Atmospheric wind data v.'ere .collected hy the halloon- 
theodolite method at. the Norfolk Naval Air Station for 
times as near as .possihle to those at vrhich dives were 
mad^. Th«3se data were .used to determine space flight 
paths after flight paths relat ive.. t o . St ill air were 
known. " • . ' ' 

flight tests consist ed of nine dives hy pilot A and 
nine lay pilot B. Each pilot;..»^de three dives at 45°, ' 
three at 60°, and three at :7.5^» . The dive : angles were 
■estim.^ted "by the pilots 'by vi sua J. , me?,ns alone; -Full div- 
ing flaps were used throughout the -dives' and rolling 
■9^elocities were held to a ml nim-um.,;.-.' Dives ^were entered, 
without rolling, from a ' direct ion -so chosen that the gun 
was approximately over the left, .wing tip-, ' Ihis procedure 
fixed the direction of the-.diye in sp'ice so that atmps- 
pheric^ wind data could 'be , cortelated wi th air flight 
paths to obtain space f light paths., and in-sured optimum 
light conditions for the hbri?!on cameraB. 
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EESULTS 

A summary of airplane conditions and results obtained 
for all 18 dives are presented" in table I. In figure 1 
are sho.wn atmospheric wind conditions measured over Nor- 
folk,, Va. , ; at times neatest 'those at which f lights were 
made.'.' figure ? shows, the data of figure 1 altered to 
give the component of wind velocity acting along the azi- 
muth direction of the flight paths based on the assump- 
tion that all dives were made along the reference direc- 
tion" fixed by having the sun directly over the left wing 
tip. In the calculation of space flight paths, the f\ir* 
ther assumption was made that" wind conditions during any 
dive were identical with those measured nearest the- time 
of the dive. Figure 3 shows the free-air temperature 
readings plotted against the altitude readings, which 
were made in the test flights and subsequently used in 
correcting indicated to true airspeed. 

. ■ . ■ Complete data for the s'ix typical dives are present- 
ed as-time histories in figures 4 through 9. The indi^ 
cated airspeeds given in these figures were calculated 
from the relation 

¥i = 45.08 /q^ 

where is the measured impact pressure in inches of 

water. The compressibility correction was applied in 
calculations made to obtain the curves labeled "True" 
in the plots of airspeed against' time. Values of true 
and indicated airspeed given may be in error by abo"U.t 1 
percent at low angles of attack or about 2 percent at 
high angles of attack since no calibration was made of 
the airspeed system fo.t error du,.©- t o pit ot- static-head 
positions. The error in recorded' altitude due to static- 
head' posit'ioh" is negligible. Accelerations shown were 
estimated "to be accurate to within the following limits; 
normal, ±0.05g; longitudinal, ±0.04g; and transverse, 
±0.03g. The attitude angles shown are those measured 
between the airplane thrust axis and the horizontal by 
either the gyro inclinometer or the horizon camera. 
Absolute angles of attack and flight-path angles rela- 
titre to the air were calculated by the method explained 
in the following discussion. 

Figure 10 shows instantaneous conditions existing 
in a dive as well as most of the items used in flight- 
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path calculations* ^ov purpofees .of .analysis, these items 
are defined as followsi - ■■ - ■ .... 

B attitude angle. defined as angle between thrust axis 
..and, horizontal as measured Toy horizon csimeya or 
. .^gyro Inclihom^ter ■ •■ ' 

"Y^.-. angle of air flight path with horizontal 

aa-; al^ solute angle of attack of airplane 

measured airspeed " '"' . 

.Vg.! . resultant yelocity of airplane in space 
Vj^Y vertical component of measured airspeed 
Vqy' ..v-ert.ical cfonqjornent of, airplane velocity in space 
^AM ^Oiri-z ontal ..c.-omponent of iaeasured air speed 

horizontal component of airplane velocity in space' 

7^ component of wind .velocity .pa.rallel to azimuth 
direction of fli.ght path 

an component of aca.el erat ion in "g" units acting along 
the Z a^i-s- of ...the a3,rplane. 

W gross weight of airplane 

r.ri>m the "basic equation for lift, 

the ..6xpres&i.Q.n ]'f or ab.so.iute a"ngl'e. of- attack is deduced as 
- .-^a - I^-— . .... , 

where 

dGj ■ ■ 

; rate-, of change of airplane lift coefficient with 
. angle of attack 
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S wing area, square feet 

q dynamic pressure,- pounds per square foot 

dCj . 

If 95 par-cent of the value of measured iii- 

' • da : . 

wiijd- tunnel tests of an SBD-l model . i s- us.ed f-or the value 

of for. the SBD-l airplane in order to:-account for' 

da 

the effect of perforated flaps, and if q. is. measured 
in inches of water, equation (l) 'becomes 

Wa^ ■ Wai^^ 

^a- = : r = r-. . (la) 

® 0.0725 X 324 X 5.2q I22q 

The angle of attack for zero lift relative to the- 
wing chord line was taken as '-2° on the basis of unpuTa". 
lished wind-tunnel measurements. Since the'angle of ''■ 
incidence of the wing relative to the thrust axis, was 
2.5°, the expression for ahgie of air flight 'pa'th with- 
the horizontal is ... 



A 



= 6 + 2,0 + .2.5 - a^. 



or 



Va 

Values of and calculated "by lise of equa- " 

tions (la) and (2) are shown in the time hiBtO;ries. in 
figures 4 through 9^. 

Wi^h the true velocity and direction. of the airplane 
relative to air known, the air flight paths (assuming 
no wind-velocity gradient) were determined by step-by- 
step integration of the horizontal and vertical, displace- 
ments s up to any time t; that is, 

BAH = T^H-^* = A Ta cos 7a ' (3) 

t t / . 

BAV = ^0 "^A7 ^ "^A sin 7^ At (4) 

Since the wind velocity was assumed to be horizontal, 
equation (4) is also the expression for the v.ertica.1 dis- 
tance traveled in' space." The horizo.ntal distance trav-r; 
eled in space is simply 



7 



^SH = ^l' ^^A '^^s "^A + 

• ■ ^SE.= ^oJa--^^^ '^A -^^O ^W^l. : • 

Hote that the first term on the right-hand side .of 
eq.uation (5) is identical with the right-hand side of 
equation (3), The second term on the right-hand side 
of equation (5) gives siiaply the horizontal distance 
traveled hy.- the airplane (\7ith respect to the ground) 
due to the motion of the air through which the airplane 
is moving. 

Jlight paths relative to air and space are presented 

for the six typical dives in figure® 11 through 16. Time 
increaents during which velocity and angle were assumed 
constant had a value of 1 second. The first point shov/n 
on each path corresponds to zero time, the second to l/2 
second, the third to 1-^ seconds, the fourth to 2-^ seconds, 
and so forth. Data used in flight'-path calculations were 
taken from original instrument records rather than from 
tine histories in order to preserve accuracy. 

Eelative attitude angles or air flight-path angles 
"between any two times during a particular dive are esti- 
mated to "be accurate to within ±1°. A"bsolute values of 
these angles for any dive are estimated to "be accurate 
to within ±2°. The length of any air flight path is esti- 
mated to "be accurate to within ±2 percent. Corapara"ble 
values for space flight-path accuracy cannot "be definitely 
stated since e?:act wind conditions exi:jting during each 
dive were not known. 

The discrepancies which were founu het'jeen loss in 
measured pressure altitude and loss in calculated geomet- 
ric altitude are attrihuted for the most part to diffi- 
culty in o'btaining exactly correct initial attitude an- 
gles "by means of pendulum inclinometer readings* . It is 
noteworthy thai; in flif^hts 1 and 2, where the correlation 
of initial angles was "best, the average difference "between 
altitude losses for nine dives was 1.67 percent of the 
loss in measured presstire altitude as compared with 2.92 
percent for the nine dives made in flight 3. The slight 
error in airspeed measurements, fls well as the devia*' 
tion in amhient pressure against altitude relationships 
from standard conditions, also contrihuted to. these dis- 
crepancies. 

Langley Memorial Aeronautical Xa"boratory, 

national Advisory Committee for Aeronautics, 
Iiangley Field, "Va. 
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TABLE I 

AIRPLANE CONDITIONS AND RESULTS OF DIVE TESTS WITH SBD-1 AIRPLANE 



Pilot 


Flight 
and 
run 


Date 


Time 
of 

dive 
(Eastern 
War Time) 


Airplane 
gross 
weight, W 
(lb) 


Reference 

dive 
direction 

(deg 
azimuth) 


Estimated 

maximum 
devl atlon 

from 
reference 
direction 
(deg) 


Estimated 
angle 

of 
dive 
(deg) 


Measured 
spaoe 
dive 
angle 
(deg) 


Loss In 
standaivl 

pressure 
altitude 
(ft) 


Loss In 
geometric 
altitude 
(ft) 


Difference 
in altitude 
loss (per 
cent of 
loss in 
standard 
pressure 
altitude) 


Figure 
showing 

time 
history 

of 
motion 


Figure 
showing 
ftlr and 

space 
fllghti 

paths 


A 
B 


1-1 

1-2 

n 

1- 5 

2- 1 

2- 2 

it 

5-1 

3- 2 

It 

5-5 

3-6 
3.7 

5-8 • 

3-9 


10/19/i^2 

IO/2O/U2 


12:50 p.m. 
12:56 

1:01+ 

1:11 

lsl6 

3'M 

3:h9 

3:55 
I;: 10 

l4.r22 
4:50, 

m 

^:53 

5:05 
5:10 

5:15 


7U50 
71*20 

7380 
7550 
7330 

7U90 
7U50 

7360 

7U80 
7U50 
7i+oo 
7370 
73i+o 
7510 
7280 
7260 

12k0 


270 
270 
270 
270 
270 
520 
520 
520 
520 

350 
530 
530 
530 
350 
330 
330 
550 
330 


!50 
+30 
+50 

i30 
i30 
+30 
±30 
±30 

*15 

n5 

tl5 
J:i5 
+15 
±15 
115 


1^5 

^ 
60 
60 
75 
75 
75 

75 
75 

S 

60 
60 
1*5 
45 
U5 

., „ 


t 
55 

i 

66 

70 

1 

61 

62 

hh 

ii 


314.50 
3310 
3530 
2820 

5l;50 
Uooo 
5290 

6120 
7520 

61i00 
4680 
1+310 
5750 
4070 
3870 
2280 
2900 
2I1.IO 


3335 
327S 
5576 
2839 
3515 
3891 
5192 
6032 
7615 

6569 
^757 

368q 
2558 

236l(. 


2.8 
1.0 

-1.5 
-0.7 

-1.9 

2.7 

\:l 

-1.3 

-2.6 
-1.6 

Zl 

-2.1 
-5.2 
-2.5 
-2.5 
1.9 


k 
5 

6 

7 

8 

9 


11 
12 

13 

11* 

15 
16 
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Date Time 
o' 10-19-42 12.00 a.m. (EWT) 
+ 10-19-42 6.00 p.m. " 



290° 




2 4 6 8 10 X lO'- 

Altitude, ft 
(a) Wind measurements 'before flight 1 and after 
flight 2, 

Figare iCajt).- Atmospheric wind conditions for SBD-1 dive tests as 

measured at Norfolk, Ya. Wind direction in degrees 
azimuth indicated along curves. 
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Fig. 11D 
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(b) Wind measurements taken after flight 3, 
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Figure 1.- (Concluded) 
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Fig. 2 




Altitude, ft 



Figure 2.- Variation of wind velocity along azimuth iirection of the 
flight path with altitude for SBD-1 dive tests. 
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Flight Date Time 

0 1 10-19-42 1P.30 p.m. (IWT) 

+• 2 10-19-42 3.30 p.m. " " 

X 3 10-20-42 - 4.15 p.m. " 
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Altitude, ft 

Figure 3.- Variation of free-air temperature with altitude during 
SBD-1 live tests. 
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FituRC p. • Time history of estiwatco 60" vivc maoc with S6D-i airplam. 
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•lauBE g., - Time history or sstimateo 75° dive made with SBO-I airplane. 
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Time history of estsmated 60** oive made with SBO^i Aiiii>i.ANE 

FI.S6HT 5. RUN 'it PILOT B. 
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FiauRC 3» • Time history »r esvimatco otvt made kith S6D«I airpuanc. 
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airplane dive tests. 
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Fi^re 11.- flight paths for estimate! 45° dive of SBD-1 airplane lay 
pilot A in flight 1, run 2. 
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Fi^re 12.- flight paths for estimated 60° dive of SBD-1 airplane by pilot A in 
flight 1, run 5. 
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Space flight path " 
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Iigm«e 13.- Flight paths for estimated 75° dive of SBD-1 airplane 
pilot A in flight 2, ran 4, 
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figure 14.- flight paths for estimated 75° dive of 3BD-1 airplane 
"by pilot B in flight 3, mn 1. 
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ligare 15.- flight paths for estimated 60° dive of 3BD-1 
airplane "by pilot B in flight 3, run 5. 
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Horizontal distance, ft 
ligore 16*- Flight paths for estimated 45° dive of SBD-1 
airplane by pilot B in flight 3, run 9. 
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